INTRODUCTION
Extracterrestrial metallic and glassy sphe rules in marine sediments have been studied widely (NAGASAWA et al., 1980 , NOGAMI et al., 1980 YAMAKOSHI et al., 1981) , but the features of the magnetic, stony spherules have been not so precisely examined. GANAPATHY et al. (1978) determined the minor and trace element con centrations using neutron activation analysis and found that three of them had compositions similar to those of carbonaceous, type 1 (C-1) chondrites. NISHIIZUMI (1983) deduced that the origin of the metallic, stony spherules (MSS) is ordinary chondrites and they are ablation debris from chondrites by atmospheric heating, since he obtained 53Mn activities similar to those of ordinary chondrites.
It is a problem, whether MSS are cosmic dust themselves or ablated debris derived from larger chondrites during the atmospheric heating. We can obtain not so precise information from the studies on the chemical, thermally degene rated compositions of the spherules. Precise measurements of various cosmic ray induced radioactivities in MSS are expected to give the choice (YAMAKOSHI et al., 1982) . In this work major and minor elements in seven individual spherules and one composite sample were determined in non-destructive forms by neutron activation analyses of short (10 min) and long time (24 hr.) irradiations in the TRIGA II reactor.
SAMPLE DESCRIPTION
The magnetic stony spherules constitute one of the three categories of the magnetic spher ules in marine sediments; (YAMAKOSHI et al., 1981) (1) rough, brittle, black spherules with specific gravities lower than 4.0; (2) dull black spherules with smooth surfaces with specific gravities lower than 5.0 and (3) shiny metallic grey or shiny black spherules with occasional small vesicular cavities.
These spherules have higher specific gravities (?5).
The magnetic stony spherules studied here constitute category (2).. They appear sometimes just like rugby foot balls made of charcoal. The photograph is shown in Fig. 1 . The biggest one is ca. 440µm in size. NAGASAWA et al. (1980) classified the deep-sea (non-magnetic) silicate spherules into four categories, none of which, however, include these magnetic stony spher ules. 
EXPERIMENTAL
Thermal neutron fluxes were 1 X 1012 and 0.7 X 1012 (n/cm2. s) for the pneumatic tube and the long-time irradiation, respectively.
Immediately after the pneumatic tube irradi ation, each sample was measured using a Ge (Li) gamma ray spectrometer for 1,000 seconds. The gamma ray measurements were carried out for a few hours on the next day after a long time irradiation.
Measurements were repeated for long-lived nuclides, 152Eu etc. over a month thereafter.
Reference samples for siderophile elements were made of an iron meteorite (Canyon Diablo) (NOGAMi et al., 1980) . Al, Ca, Mg, Mn, Ti, V, Fe, Cr and REE (rare earth elements) contents were obtained for the JB-l glass standard (NAGASAWA et al., 1980) . High purity metal wires of Ni, Co and Cr, diluted chemical reagents of Ir and Au were also used in a series of the measurements.
The data analyses were carried out using isotopic values shown in Table 1 .
Mg was determined with respect to the peak of 1,015 keV from 27Mg, since the most abundant gamma peak of 844keV was affected by 847 keV from 56Mn. Mn contents must be corrected for the by-product through the 56Fe (n, p) reaction. The amount of Mn produced through this reaction, however, was estimated at 5.8 ± 1.0 (µgMn/gFe) in TRIGA II reactor (NOGAMi et al., 1980) . Therefore, 56Mn contribution from 56Fe (n, p) could be entirely neglected. 51Ti (5 .79min) and also 51Cr (27.8d) emit gamma rays at 320keV.
The data after 2 day cooling period, however, showed that the correction of Ti contents by 51Cr did not exceed ± 1 %.
Si contents could not be determined, since 1,266 keV gammas from 31Si (2.62h) were weak and also disturbed by the singly escaped gamma rays from 1,779keV of 26A1. The total of the major elements is calculated at 74 84% in weight, so the greater part of the residual frac tion must be Si02. Ni contents were obtained from 810.7 keV gammas of 58Co (70.8 d), which were induced through the 58Ni (n, p) reaction. The correction with the product through 59Co (n, 2n) reaction was experimentally determined to be negligibly small in the TRIGA II reactor.
Ir contents were determined from 468 keV gammas of 192Ir (74.02d).
Cr contents were obtained from the 320keV peak of 51Cr, which was fairly interfered by 316.5 keV gammas from 192Ir . The correction for the tail area of 316.5 keV peak was estimated to be (4 ± 2)% of the total area of the 320keV peak of "Cr.
Au contents were determined from the 411.8 keV peak of `Au (2.69d).
Around here a weak gamma peak from 152Eu (12.7y) re mained after 198Au nuclides decayed out. The contribution from 152Eu, however, was entirely neglected in this work.
In these spherules gammas from REE were so weak, that only La, Sm, Eu and' Lu could be determined. 103.2keV gammas were emitted from 153Sm and also from 'S3Gd (242 d). The abundance of 152Gd is so low, that the major part of the gammas might have been emitted from 153Sm. Since Gd contents could not be obtained, the errors of 153Sm determinations could be not so precisely determined.
Because of the long-life of 152Eu (12.7 y), the measurements for 152Eu were repeated a month after the irradiation.
As shown in Table 1, .
The results are given in weight percent and are shown in Table 2 . Accuracy of the data are approximately ±5%, which are derived from the reproducibility of the radiation measurements. Larger errors mainly due to the statistical errors (±u) of the counting are indicated in parentheses. GANAPATHY et al. (1978) selected three spherules using SEM data from a large number of the MSS and found they had similar composi tions to those of C-1 chondrites.
Also in this work the elemental compositions of MSS are normalized to those of C-1 chondrites (ANDERS et al., 1982) and the ratios are shown in Fig. 2 by the results of the simulation experiments using the Allende chondrite (NOTSU et al., 1978) .
Regardlessly of the origin, the MSS were subjected to thermal degeneration during the atmospheric heatings, so that litho phile elements were concentrated and siderophile elements evaporated away. NOTSU et al. (1978) showed that siderophile elements, such as Ir, Au, Ni and Co, in stony materials are liable to evapo rate away. Ir is refractory.
It is well known, however, that Ir evaporates easily in oxidizing circumstances.
Also the abundances of the chondrite normalized rare earth elements (REE) are not smooth function of ionic radii, but much differ ent even from igneous rocks and also marine sediments.
Meteorites have local heterogeneity of chemical compositions (SHIMA et al., 1967) , so that it is meaningless, in a sense, to compare the chemical composition of the small-sized spher 
